Introduction
Most of environmental 14 C originates from the continuous production by cosmic rays in the upper atmosphere and from thermonuclear bomb tests carried out during the 1950s and early 1960s 1−3 as well as the case of environmental tritium. 4 The long-term variation in environmental 14 C concentration at the specific site is preserved in the 14 C records in a series of annual rings of the tree grown there. 5−13 Measurement of 14 C in the cellulose fraction of tree rings is a preferred method for the analysis of annual variation of 14 C concentration, since organically-bound carbon in the cellulose undergoes no change following the time of tree-ring formation.
In the previous paper, 9 the 14 C concentration in the tree ring cellulose of an 80-year-old pine tree grown in Tatsunokuchimachi, Ishikawa prefecture, Japan (36.4˚N, 136.5˚E) (hereafter the Tatsunokuchi-sample) was reported for the period of . An interesting fact was that there was a difference in the amplitude of the 14 C concentrations between our result and those of other researchers during the period of [1963] [1964] [1965] [1966] [1967] , though the year of two peaks in our result coincided with those in the known 14 C concentration patterns in the tree rings. 5−7 The difference may be interpreted by the socalled latitude dependence of the 14 C variations in the northern troposphere, 1−3 which was due to the 14 C released to the atmosphere at higher northern latitudes by a series of thermonuclear bomb tests carried out during the 1950s and early 1960s.
In the present work, the 14 C concentration in the tree-ring cellulose of a pine tree grown in Shika-machi, Ishikawa prefecture, Japan (37.1˚N, 136.5˚E) (hereafter the Shika-sample), was measured for the ring-years of 1949 to 1999, and the results were compared with those of the Tatsunokuchi-sample to study regional differences in environmental 14 C concentration. Shikamachi is located at little higher latitude than Tatsunokuchimachi, as shown in Figure 1 .
Furthermore, the annual variation of 14 C concentration obtained from the Shika-sample was compared with those of 14 C concentration in tree rings from East Asia region reported by other researchers.
Experimental
Cellulose samples of tree rings. The trunk of a 67-yearold pine tree (Japanese Black Pine; Pinus thunbergii), 0.5 m in diameter, and 1.2 m in length, was cut at the position of 0.5-1.7 m above the ground surface on August 10, 1999, and was analyzed in the present work. The pine tree is the same tree used for tritium measurement in the annual growth rings by the present authors, previously. Concentration of organically-bound 14 C in the tree-ring cellulose of a pine tree grown in Shika-machi, Ishikawa prefecture, Japan (37.1˚N, 136. All of the tree-ring layers had a thickness of more than 1.5 mm, which was enough to separate without cross-contamination from subsequent years. Each cellulose fraction corresponding to the 1949-1999 ring-years was isolated from wood chips according to the same method without pre-treatment by the steam explosion of wood chips 15 which was applied to the Tatsunokuchi-machi tree (Japanese Red Pine; Pinus densiflora).
Combustion of cellulose samples. The cellulose fraction of 100 g corresponding to a single year was gently burned to obtain the combustion water and CO 2 by the method described previously. 9, 14 The combustion water was condensed in two dry-ice traps connected in tandem. The carbon dioxide gas was collected as dry-ice form by an EtOH trap cooled with liquid nitrogen located behind the dry-ice traps. The resulting dry-ice was immediately converted to calcium carbonate according to the following procedure. A stream of CO 2 generated from the dry-ice was trapped by bubbling in a 7M NH 4 OH solution, and the absorbed CO 2 was precipitated quantitatively as CaCO 3 by adding an excess of CaCl 2 to the solution followed by heating. Approximately 280 g of dried CaCO 3 obtained from 100 g of cellulose was stored in an airtight vessel.
Benzene synthesis for the preparation of 14 C counting sources. The original CO 2 was regenerated by adding a solution of perchloric acid dropwise to the 40 g of stored CaCO 3 . It was then converted to benzene in vacuum through the following reactions.
The counting source for liquid scintillation spectrometer was prepared by adding a toluene based butyl-PBD scintillation solution to 3.5-4.0 g of synthesized benzene to a total volume of 20 mL. The synthesized benzene prepared from NIST oxalic acid (SRM 4990C) was used as a standard reference of 14 C. Measurement of 14 C. The 14 C activity was measured by a low background liquid scintillation counter, Aloka LB-1, under temperature-stabilized conditions at 12 ˚C at least for 100 min × 40 times. The counting background of the 20 mL low potassium glass vial was 2.64 cpm at a rate of 58% efficiency. The results are presented as ∆ 14 C, defined in the previous paper. 9 Isotopic fluctuation of a sample was corrected using the δ 13 C value of -26.4 ‰, which was the average of the δ 13 C values determined for several tree-ring samples with the Finnigan MAT Stable Isotope Ratio Mass Spectrometer, MAT 252.
Results and Discussion
Concentration of organically-bound 14 C in the Shika-sample (37.1˚N, 136.5˚E) was measured for the ring-years of 1949 to 1999 and compared with those of the Tatsunokuchi-sample (36.4˚N, 136.5˚E) 9 for the 1941-1987 period to investigate the regional differences of environmental 14 C concentration. The Shika-sample was grown in a small pine forest at the seaside of Shika-machi situated on a lowland plain area about 20 m above sea level and lies along the coast of the Sea of Japan; high mountains are not present in the surroundings. On the other hand, Tatsunokuchi-sample was grown at a site halfway down a hill of about 50 m above sea level near the rim of the high mountain region of 1500-2000 m, located about 70 km south of Shika-machi. The two sets of sampling sites are shown in Figure 1 .
The ∆ 14 C values measured for the Shika-sample are given in Table 1 . The ∆ 14 C values in the table were reproducible at ±10 ‰ or less, as described in the previous paper. *The error denotes a counting error of 1σ. All samples were measured using a low background liquid scintillation counter, Aloka LB-1.
The annual variation of ∆ 14 C values of the Shika-and the Tatsunokuchi-sample are plotted as a function of the ring-year in Figure 2 . Temporal variation of organically-bound 14 C concentration in the Shika-sample showed essentially similar variations to that of the Tatsunokuchi-sample. The ∆ 14 C value of both the Shika-and the Tatsunokuchi-sample began to increase from 1954 to a small broad peak of 250 ‰ in 1959 -1961, followed by a rapid increase to the highest value of approximately 800 ‰ in 1964. After the maximum, it diminished gradually year by year during past two or three decades. However, it demonstrated a small difference in the amplitude of the ∆ 14 C value during the period of 1949-1967, 1970, and 1978-1981 . After 1982, significant difference was not observed between the two sets of samples. These differences suggest that the 14 C concentration in atmospheric CO 2 fluctuated even in the narrow region only by about 70 km of distance for the period before 1982. It is assumed that the 14 C records in a series of annual rings of the tree reflect the variation of annual average levels of 14 C concentration in atmospheric CO 2 at the growth site of the tree, since the carbon necessary for synthesizing cellulose is derived essentially by photosynthesis from the CO 2 in the air.
In Figure 3 , the annual variation of ∆ 14 C values obtained from the Shika-sample is compared with those of ∆ 14 C values in tree rings from East Asia region reported by other researchers, for a spruce from Dailing, China (47˚N, 129˚E), 7 for red pines from Mt. Chiak (37˚23'N, 128˚3'E and 37°20'N, 128˚4'E ) and Mt. Kyeryong (36˚20'N, 127˚13'E), Korea, 13 and for Japanese cypress from Kiso mountainous district, Gifu prefecture, Japan (35.6˚N, 137.5˚E). 6 An interesting result in comparing our data with those of other researchers is that there existed significant difference in the amplitude of the ∆ 14 C value during the period of 1963-1967. The disagreement of the ∆ 14 C value among trees during the period of 1963-1967 can be interpreted by the so-called latitude dependence of the 14 C variations in the northern troposphere, 6−7 which was due to the 14 C released to the atmosphere at higher northern latitudes by a series of thermonuclear detonations carried out during the early 1960s.
The most important result in this work is that the difference of ∆ 14 C values was found during the period of 1970 -1981 between our data and those of other reports. The spruce from Dailing, China, located in higher latitude than Shika-machi, showed higher ∆ 14 C values than our pine tree. The red pines from Mt. Chiak and Mt. Kyeryong, Korea, located at almost the same latitude of Shika-machi, showed slightly lower ∆ 14 C values than our pine tree. On the contrary, the ∆ 14 C values of Japanese cypress from Kiso mountainous district, Gifu prefecture, Japan, coincided with those of our pine tree, except for the period of 1976 and 1980-1981.
On the basis of these results, it was found that the 
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: Japanese cypress from Kiso mountainous district, Gifu prefecture, Japan (35.6˚N, 137.5˚E), by T. Nakamura et al. 6 The dotted line: compiled atmospheric 14 C curve for the northern hemisphere temperate region by Q. Hua and M. Barbetti
